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ABSTRACT

The teratogenic potential of ethylene thiourea (ETU) was tested

in pregnant Sprague-Dawley rats. An aqueous solution of ETU was

administered by oral gavage at a dose level of 40 mg/kg on Days 6

through 15 of gestation. The control group received a vehicle

containing 21.52 Tween 80, 18.5 absolute ethanol, 37.5% 50 jM citrate
buffer, and 22.5% distilled water. Fetuses were delivered by cesarean
section on Day 20, weighed, examined externally, and either processed
in Bouin's solution for visceral examination or alizarin red stain for
skeletal examination. ETU produced teratogenic and embryotoxic

effects in Sprague-Dawley rats.
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PREFACE

TYPE REPORT: Teratogenic GLP Study Report

TESTING FACILITY: US Army Medical Research and Development Command
Letterman Army Institute of Research
Presidio of San Francisco, CA 94129-6800

SPONSOR: US Army Medical Research and Development Command
Fort Detrick, MD 21701-5010

PROJECT: 3516277A875, Medical Defense Against Chemical Agents

VU 304, APC TL04

GLP STUDY NUMBER: 82021

STUDY DIRECTOR: Don W. Korte, Jr., PhD, MAJ MSC

PRINCIPAL INVESTIGATOR: Martha A. Hanes, DVM, CPT VC

CO-PRINCIPAL INVESTIGATORS: Valerie G. Coppes, BS

REPORT AND DATA MANAGEMENT: A copy of the final report, study protocol,

SOPs, and raw data will be retained in the
LAIR Archives. Alizarin specimens will be
retained in the LAIR Pathology Archives.

TEST SUBSTANCE: Ethylene Thiourea N6

.\ INCLUSIVE STUDY DATES: 31 August 1982 - 15 March 1983

- -. ORJECTTVE* The purpose of this study was to provide historic data
demonstrating the Sprague-Dawley rat is sensitive to a
known teratogen in the LAIR teratogenicity test system.
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Teratogenic Potential of Ethylene Thiourea (ETU1), a Positive Control,
in Sprague-Dawley Rats--Coppes et al

The Toxicology Group, LAIR, has been tasked to perform
toxicological evaluation of compounds to include teratogenic testing.
Regulatory agencies require a concurrent positive control group unless
historic data from the laboratory performing the teratogenicity test
demonstrate that the strain of animals being used is sensitive to known
teratogenic agents (I). This report presents the results of a .
concurrent positive control group, ethylene thiourea (ETU), from LAIR
GLP Study 82021 (2).

Objective of the Study

The purpose of this study was to provide historic data
demonstrating the Sprague-Dawley rat is sensitive to a known teratogen
in the LAIR teratogenicity test system.

MATERIALS

Rationale for Selection of the Positive Control

Ethylene thiourea, a decomposition product of the
ethylenebisdithiocarbamate fungicides, is a known teratogen.
Malformations induced by ETU are due to an extensive cell necrosis
which occurs in the affected organs at an early stage of embryonic
development (3,4). Preliminary studies in our laboratory showed ETU
was a consistent teratogen in Sprague-Dawley rats.

Positive Control Substance

Chemical Name: 2-Imidazolidinethione, Ethylene Thiourea

Chemical Abstract Service Registry No.: 96-45-7

I..

0
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Molecular Structure: C 3 H 6N2S

S
II
C

HN Nil
I I

H 2C - CH 2

Molecular Weight: 102.17

Source: Eastman Kodak Company
Rochester, NY 14650

Lot No: A7A Cat No P5950

Stability: Stih Io a t elevated t onperititr e ov r w1,h p1 range (3).

Published Toxicity Data: ETU Is a known carcinogen, mut.-igen, and
teratogen (3).

Vehicle

The vehicle for ETU was distilled water.

Rationale for Selection of the Negative Control

The positive control groups were run concurrent with the test
substance 4-nitrophenyl methyl phenyl phosphInate (MPP), GLP Study
82021. A vehicle containing 21.5% polysorbate 80 (Tween 80), 18.5%
absolute ethanol, 37.5% 50 mM citrate buffer (pl! 3.2), and 22.5%
distilled water was selected to solubIlize and stabilize the MPP (2).
Since a distilled water control group was not run, the vehicle control
group for MPP is shown in this report a s a negative control for
comparison with the positive control.

Additional information ahout the negative control appears in
Appendix A.

Animal Data

Young adult Sprague-Dawlev rats were obtained from Rantin-Kinpman,
Fremont, CA. Due to It- qize, the stUdy was conducted in two phases.
Phase I required 85 female and 41 male rats and Phase IT required 103
f omal and 52 milo rat-s (Includinp those rats needed for the MPP dose

%,
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i.l

groups). Two females from Phase I and 6 females from Phase II were
randomly selected for quality control necropsy. Animals were
identified by sequentially numbered metal eartags. The weight ranges
of rats were as follows:

Phase Receipt Start of Breedin&
Females Males Females Males
(gm) (gm) (gm) (gm)

I 250-296 249-286 261-331 406-504
II 193-308 223-299 240-327 391-589

Historic data on sporadic malformations in rats are well-documented
(5).

Husbandry

Upon arrival at LAIR, rats were housed individually in wire mesh
rack cages with automatic water dispensers for the quarantine period.
Animals were fed Purina Certified Rodent Chow 5002 (Ralston Purina
Company, St Louis, MO) and tap water ad libitum throughout the study.
No contaminants or naturally occurring substances were expected to
influence the study. During breeding I male and 2 females were placed
in polycarbonate cages with hardwood chip bedding, wire lids, and water
bottles. After breeding the males were returned to the wire mesh rack %
cages; the females remained in the polycarbonate cages (2 females of
the same dose group and breeding date per cage).

In Phase I, room temperature ranged between 64 and 74*F (17.8 and S
23.3*C) and relative humidity between 58 and 77%. In Phase I1,
temperature ranged between 68 and 74*F (20.0 and 23.3*C) and relative
humidity ranged between 47 and 70%. Several times during Phase II the
relative humidity spiked to 90% for a short period of time. The
fluctuation of relative humidity is not expected to have an impact on
the outcome of the study. The photoperiod was 13 hours of light per 0
day (0630-1930 hours). 1%

METHODS

Methods used are described in detail in LAIR OP-STX-40 "Teratology
Testing Procedure" (6) and were in accordance with Environmental
Protection Agency test standards for teratogenic health effects (1).
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Acclimation

Females were acclimatized before start of breeding for 8 and 18
days for Phases I and II, respectively. Males were acclimatized for at
least 6 weeks.

Group Assignment

Females were assigned to groups according to LAIR OP-TSC-21 "Animal
Randomization Procedure" (7) on the Data Cener ,l EC[.TPSF C/310
comptitor. Twenty random seq (Itiwcs of ntimbers e-or res pond i n), I he .

number of dose groups were generated. When females became sperm
positive, they were assigned to the dose group. Animals were selected
for quality control necropsy according to a random number table.

Dose Administration

Sperm-positive females were dosed daily between 0800 - 1200 hours
from Day 6 through Day 15 of gestation by oral intibatlon using an 18-
gauge, 3-inch gastric gavige needle (Popper and Sons, Inc, New Hyde
Park, NY 11040). Dosing was conducted without sedation or anesthesia
of the animals. Positive control animals received 40 mg/kR/day ETU.
The volume of dosing solution for each f(,male was based on the Day 6
(Day 0 was the day sperm were detected In vagina) body weight and that
dose was used throughout the dosing period. Doses were calculated by a
program on a Hewlett-Packard 98A c.'|lculator. The negative control wa!;
given at a constant volume of I ml per animal. Phase I females were
dosed from 19 Oct 82 through 30 Oct 82. Phase II females were dosed
from 14 Feb 83 through 27 Feb 83.

Compound Preparation

A quantity of ETU solution sufficient for the entire dosing period
of each phase was prepared. For Phase I a 20 mg/ml solution and for
Phase II a 40 mg/ml solution of ETU in distilled water (w/v) were
prepared. The solutions were heated to approximately 40*C to attain
complete dissolution, aliquoted into vials for each day of dosing to
prevent contamination, and stored at room temperature. For each day of
dosing, I vial was warmed to approximately 40*C to redissolve
crystallized ETU. No analysis was performed on the ETU solitIons. 4

The negative control solution was prepared at tne beginning of each
phase, aliquoted into vials for each day of dosing, and refrigorated.
Before daily dosing, a vial of negative control solution was pelced in
a beaker of hot tap water to bring the solution to room tenperature.

.9
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Breeding

After the quarantine period, each male was placed in the breeding
cage with 2 females. Females were checked each morning for evidence of
Insemination. Day 0 for each female was the day sperm were observed in
her vaginal smear. Sperm-positive females were assigned to dose groups
as previously described. Sperm-positive females were separated from
the males and placed with another female of same breeding date and dose
group.

The breeding period was 3 days for Phase I and 5 days for Phase II.
The number of positive females was limited to approximately 30 per day.
Matings were terminated when an adequate number of females were sperm
positive. Those females which were not sperm positive at the
completion of the breeding period were removed from the study.

Cesarean Section Procedure

Dams were weighed and euthanized with CO gas on Day 20 of
gestation. Non-pregnant females were examined, ani removed from the
study. Gravid uteri were examined for number and placement of
implantation sites, resorptions, and live and dead fetuses. Corpora
lutea were not counted. The uterus and ovaries were removed, the dam
examined for gross visceral signs of toxicity and reweighed. Fetuses
were assigned alternately to either skeletal or visceral examination.
Each fetus was sexed, weighed, and examined externally.

Fetuses assigned for skeletal examination were placed in 70%
ethanol for several hours and eviscerated. They were then processed by
the alizarin red S staining technique of Crary (8). After processing,
the specimens were stored in glycerol with a few crystals of thymol to
inhibit bacterial and mold growth. Fetuses assigned for visceral
examination were placed in Bouin's solution. The body walls were
pierced to allow penetration of the fixing solution.

Observations and Records

Pregnant females were weighed on Day 0 and every other day through
or- Day 20. Females were observed daily from Day 0 through Day 20 for

clinical signs of toxicity, abortion, or premature delivery. Clinical
signs were not recorded for Phase I animals except at cesarean section.
Date, time, and amount of dosing solution administered were recorded
during the daily dosing on Days 6 through 15. At cesarean section,
uterine data and body weight, and results from gross examination of the
dam were recorded. The gravid maternal weight was termed the "Actual
Day 20" weight. The maternal weight after removal of the uterus and
fetuses was termed the "Corrected Day 20" weight.

0
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Fetal weight, sex, and external examination findings from live
fetuses were recorded. Bouin' s f vt uses w.,!re exine i1d u nd,-i low
mag n if i catLion by Ltie mnodif ied WilIson f reeliand razor blade Sect ioniingt
technique (9). The aIi za r in S kele tonS wre exam inted under low
magni ficat ion onl a lighit box for degree of oss ificat ion, mal format ions,
a nd alignment. The nkuber o f ossified steroebra(n , ribs, c: i t dalI
vertebraenv arp , and mt. i iIw unt

Schedule of Study Evunts

The study was divided into 2 phiases to allow ad.2quate time for
animal care, fetal processing, and fet.7l examination. U~pon arrival1
several animials from each phiase were sentL for qual ity control necropsy.
The historical listing of study events is given in Appendix B.

Statistical An 1alysis

The data were anailyzed with BWlDi software on a Data 6eneral ,CLiI'SE
C/330 computer k10). Methods used are described by lioll,-ad'er ani Wolf"
(LI). D~ata from both phases were combined for analysis. The litter or
lit ter meani wa)s used ;is Lte ex~erjimental onit . All test-i we-re rul atL
the .05 levelI of SignitIi'li(V Ia e litit is ri'po r! the teL-rill s ;ii i-.

I od icertes a s LtaItistLi calIly s irn i f jea;tlit d i L' eren(ce

The iaternal booy weights, we i ;It chaages Correc ted Day 20) Diva
0t), a nd fetal Weights of the pos it ive Cout -ro! were cowrIatd wil.h tILL

nlegative control group by the >tLudent 's t-t 1 !.L - I! fe Lii exim i lit ton 0
findings of the posi tive cutrol group wert. comp~irud with the f inli y, s
f rom the negative control group by the Fisher's Exact tess. The nun117her
of implantations, percent resorptions, percent live fetuses, percent
male fetuses, and ossification data of the pos-itive con~lrol group were
compared with the negative control group by the ',Luiii-Whituey test.

Deviations from Original Protocol

Animals were dosed from Day 0 tiirougli Diy t5, the period of -ct r
o rga nogene s is i n Ltie rat . riik or i ginil protocol spec i f it- It-" I-e
posit ive coot rol aimiials be dosedt oil(-# and the veji ce Icout rol al ii 111j
be dosed front Damy o through D~ay li. The (jo-se -it ailctiii-itcd L4I tInlk t 0."

t) body weight ratLhe r than Day 0 as stated in the protocol. I'cl, 1,1 S
were we iglicd CV cry othIe r day inteLad ot eve K da y.- i'rfgii t felml es
we re Ittrsd -1 pk- i r.pt t>1 lit, i . i l ''~

These deviat ions t r uiy the protoc- I did not) at fe(t the ootuLoil (if
tlt-, -,tudy ttnd actLua~ I Ily brojight t it, st ld Y ilt nOIfor'nit iol i it
regli ia t ory go1 idte I iliLk, I

%S

j-] ' . A
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Animals Excluded from Study

Due to Inadvertent destruction of Bouin's processed fetuses, 2
positive control females, 82D00713 and 82D00738, and I negative control
female, 82000759, were eliminated from Phase I. Data from the
skeletal-processed fetuses from these females were not included in this
report. However, these data will be archived with other raw data from
GLP Study 82021.

Two negative control animals were misdosed, 82D00716 on 26 Oct 82
and 83000033 on 16 Feb 83, and subsequently they were removed from the
study. Misdosing was confirmed by necropsy findings.

'd

Raw Data and Final Report Storage

A copy of the final report, study protocol, addenda, raw data, and
SOPs will be retained in the LAIR Archives. Alizarin specimens will be

retained in LAIR Pathology Archives.

RESULTS

Quality Control Necropsy

Tissues from Phase I quality control rats were normal by

microscopic examination. Microscopic examination of Phase I tissues
revealed sinusitis In all 6 females. Since all other tissues were
normal and weight gain of the females was normal, the remaining females
from that shipment were used for Phase II. The sinusitis appeared to
have no effect on the results of the study.

Maternal Data I.'

The individual maternal weights are listed in Appendix C and the
group mean maternal weights are presented in Table 1. There were no
significant differences in the weights or weight gains (Corrected Day
20 - Day 0) between the two groups.

There were no maternal deaths in either of the dose groups. S
Individual maternal clinical signs are listed in Appendix D.
Cumulative clinical signs per group during the pretreatment (Day 0

-" throuigh nay 5), treatment (Day 6 through Day 15), and posttreatment
(Day 16 through Day 20) periods are found in Table 2. There were few
clinical signs of toxicity in either group. Generally these signs were
seen in only I animal per group, occurred randomly throughout the
dosing period, and lasted 1 or 2 days. %

The number of animals assigned to each group, number of animals
that died during the study, and number and percent of animals that were
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pregnant are presented in Table 3. Pregnancy rate was 68% in the
negative control group and 96% in the positive control dose group.

Cesarean/Fetal Data

The individual number of implantations, resorptlons, percent
resorptions, and number and percent of fetuses dead and live are listed
in Appendix E. The number, sex, and mean fetal weight per litter are
found in Appendix F. These data are summarized in Table 4. There were
no differences in the number of implantations, resorptions, and live
and dead fetuses between the groups. The mean fetal weight and mean
male fetal weight of the positive control group were signtficantly
lower than the negative control group. The mean female weights were
also lower in the positive control group but they were not significant
at the 0.05 level. The positive control group had a significantly
lower percentage of male fetuses than the vehicle control group.

Each fetus was examined for variations, retarded development, and
anomalies both externally during the cesarean section delivery and
again after visceral or skeletal processing. Descriptions of the
examination findings were recorded. These descriptions with their
corresponding incidences are listed in Appendices G, H, and [ for the
external, visceral, and skeletal examinations. Summaries for incidence
of each anomaly and variant appear in Tables 5, 6, and 7. Fetuses with
multiple anomalies and variants are listed in more than one descriptive
category but are counted only once in the totals. Appendix J lists the
number of fetuses per litter with anomalies and variants in the
external, visceral, and skeletal examination findings. Appendix K
shows the number of fetuses per litter with any anomalies and variants.
Table 8 shows the group summary of the number of fetuses and the number
of litters containing fetuses with anomalies and variants for the
external, visceral, and skeletal examinations and a summary of number
of fetuses and litters containing fetuses with any anomalies and
variants. The positive control group had significantly increased
numbers of fetuses with anomalies and variants and significantIq
increased numbers of litters containing fetuses with anomalies and
variants for the external, visceral, skeletal, and combined examination
findings than the negative control group.

The litter mean numbers of sternebrae, caudal vertebrae,
metacarpals, and metatarsals ossified are presented in Appendix L and
the summary by group is presented in Table 9. ComparIng the positive
control group with the negative control group, there was no ,litferenco
in the number of Rternpbrae, but there were significantly fewer caiidal
vert ebrae, metac.irpals, and metatarsal s ossi f I ,d In the p,- It iv 
'it rol group.U
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d'. Table 1

Maternal Body Weights* and Weight Changest

Positive Negative

Day Control Control

0 281.0 + 14.5 277.8 + 22.1

6 315.1 + 16.8 309.8 + 21.6

12 324.0 + 22.0 320.5 + 23.5

16 344.6 + 35.9 34'.l + 25.0

Actual 20 395.3 + 44.2 400.8 + 36.8 "

Corrected 20 314.0 + 26.8 318.4 + 33.8

20 - 0 Weight gaint 33.0 + 22.8 40.5 + 19.6

*Mean + S.D. in gmi of pregnant animals.

tGrottp mean of ICo'rect,.,I IR-iv 20 wi. i t -I ).y weight .

I,)

S.

- ~ .; *r~:. V . -Vt.' - jW m
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TabLe 2

Cumulative Maternal Clinical Signs

Positive Negative

Observation Control Control

Pretreatment (Days 0-5)

Slight we ight loss II

Treatment (Days b-15)

Blood

mouth/nose I
vaginal area I

Foaming at moath
during misdosing

Inactive

Red stained nose

Wheezing 2

Postt.reatment and it tesar,..n (Days lb-20)

Uterus:

enlarged, fluid tilled

blood filled
Rough hair coat,

swollen hind leg

p I
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Table 3

Summary of Maternal Data

Positive Negative
Control Control

Number of animals assigned 25 2
Numbe±r of animals died 0 0
Percent of animals died 0 Ci
Number of animals pregnant 24 17
Percent of animals pregnant 96 68
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Table 4

Mean* Uterine and Litter Data

Positive Negative
Control Control

Number of litters 24 17

Mean values per litter
Number of implantations '4.4 + 4.9 14.1 + 4.9
Number of resorptions 1.4 + 1.9 1.5 + 1.5
Percent resorptionst 10.0 +14.9 10.8 T12.0
Number of dead fetuses 0.1 + 0.3 0
Percent dead fetuses§ 0.8 + 2.1 0
Number of live fetuses 12.8 + 5.0 12.6 + 5.1

Percent live fetusest 89.2 T14.7 89.2 +12.0

Live fetuses:
Body weight (g) 3.5 + 0.9** 4.3 + 1.0
Body weight male fetuses (g) 3.6 + 1.0** 4.4 T 1.0
Body weight female fetuses (g) 3.4 T 0.9 4.0 T 0.8

q4umber of male fetuses 5.8 + 2.7 6.9 + 3.2
Percent male fetitseq 42.5 +1.9** 57.5 +17.R

*Group mean + S.D.
tGroup mean of fresorptions per litter/implantations per litter] x 100
kGroup mean of !dead fetuses per lItter/implantatlons per litter1 x 100
*Group mean of (live fetuses per litter/implantations per litter] x 100

**Significantly different from the negative control.

.- .. %
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Table 5

Description and Incidence of External Examination Findings

Positive Negative
Control Control

No. % No. .

No. of fetuses examined 308 215

Anomalies
Exencephaly 219 71
Hydrocephaly 123 40
Domed cranium 98 32 1 0
Flat cranium 62 20
Pointed cranium 2 1 N.

Cleft palate 2 1
Prognathism 9 3
Brachygnathia 3 1
Protruding tongue 17 6 1 0
Round body shape 5 2
Short, curved body shape 1 0 ,
Spina bifida 1 0
Umbilical hernia 1 0
Short forelimb 1 0
Short paw digits 1 0
Forepaw digits long and separate 116 38
Forepaw one digit long, others short 20 6
Syndactyly 152 49
Polydactyly 3 1
ralipes equinovarus 276 90
Short or curly tail 257 83
Absence of tall 31 10
Absence of anus 20 6

Varlants

Anasarca 3 1%
Decreased definition of paws 35 11
Underdeveloped, smooth skin 1 0
Hemorrhage on cranium 9 3

,.
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Table 6

Description and Incidence of Visceral Examination Findings

Positive NegatIve

Control Control

No. % No. %

No. of fetuses examined 148 105

Anomalies
Exencephaly 70 47
Hydrocephaly 39 26
Hydranencephaly 2 1
Compressed or cystic brain 76 51
lvpoplasia of olfactory bulb 49 31
Meningocele 9 6
Cystic spinal cord 1 I
Spina hffida I I
Open eye 1 I
Brachygnathia 27 18
Prognathism 1 1
Agnathia I l
Lobed tongue I 1
Protruding tongue 1O 7
Cleft palate 14 9
Cleft nose and palate 1 1
Abnormal turblnates 1 I
Abnormal ventricle of heart I 1
Cystic kidney 3 2
Absence of kidney I I

Ectopic adrenal 2 1
Absence of adrenal I I

Ectoplc testes* 2 3
Ectopic ovaryt 4 5
Diaphragmatic hernia 1

*Percent calculated with number of male fetuses - 69.

tPercent calculated with n,,mher of female fetuses - 79.

6**
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a.

Table 6 (Continued)

Description and Incidence of Visceral Examination Findings

Positive Negative
Cont rol Control

No. Z No. %

No. of fetuses examined 148 105

Variants
Dilated ventricles of brain 112 76 1 1
Cerebral hemorrhage 3 3
Dilated arachnoid space 83 56
Dilated foramen magnum 16 I1

Mic ropliLhalm la 3 2
Small lens I I.
Dilated renal pelvis 90 b 11 11
Small kidney 13 9 6 b
Hypoplasia of adrenals 3 2
Undescended testes* 18 26 ,
Hypoplastic ovaryt 1 1

*Percent calculated with number of male fetuses -69.

tPercent calculated with number of female fetuses - 79.

0a

..i

__ . , . " .". ., - " ","- . ", , + " +-", . '° " " '+ .- +.' ' "# " .+" .
'
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Table 7

Description and Incidence of Skeletal Examination Findings

Positive Negative
Control Control

No. 7 No.

No. of fetuses examined ')8 110

Anomalies
)omed cranium 74 41 1
Flat cranium 49 31
Short maxil la and long mandible 6 4 1 1
Short mandible 13 8
Cleft palate 26 16
Kyphosis 70 44
Scoliosis 5 3
Missing lumbar vertebrae 3 2
Missing ribs 4 2
Branched or fused ribs 42 27
Curvature of clavicle 34 22
Malformed scapula 4 2
Malformed humerus 5 3
Short humerus 1 I
Short radius 9 6
Absence of radius 4 3
Short unIna 2 1
Malformed ulna 4 2
Ahsence of u lno I i

"i sed met 'ac r p i 1 I
Short. femur I 1
Short tibia 31 20 -
Absence of tibia 2 1
Short fibula 3 2
Absence of fibula I 1
Tibia and fibula parallel I I

. ... .... %
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Table 7 (Continued)

Description and Incidence of Skeletal Examination Findings

Positive Negative
Con lt rolI Control

No. X, No. X

No. of fetuses examined 158 110

Variants
Incomplete ossification ,*

Cranium 151 96 14 13
Vertebral centra 151 96 7 6
Zygomatic arch 5 3
Pelvis 50 32

Small or oval orbit 53 34
Large orbit I I
Wavy ribs 47 510 21 2
Short ribs 29 18
Lumbar rib I0
Ste rtebrae

Scrambled 7 4
Fused 8 5
Fewer than 3 ossified 6 4

%.

164
%.



Coppes -- 1I

Table 8

Summary of Fetal Examination Findings

Positive Negative
Control Control

No. % No. %

External Exam
Fetuses examined 308 215
Litters examined 24 17
Fetuses with anomalies 301* 98 1 0
Fetuses with variants 51* 17 0 0
Litters with anomalies 24* 100 1 6
Litters with variants 13* 54 0 0

Visceral Exam
Fetuses examined 148 105
Litters examined 23 16
Fetuses with anomalies 120* 81 0 0
Fetuses with variants 144* 97 22 21
Litters with anomalies 23* 100 0 0
Litters with variants 23* 100 8 50

Skeletal Exam
Fetuses examined 158 110
Litters examined 23 17
Fetuses with anomalies 137* 87 1 1
Fetuses with variants 157* 99 21 19
Litters with anomalies 22* 96 1 6
Litters with variants 23* 100 9 53

Summary of External, Visceral, Skeletal
Fetuses examined 308 215
Litters examined 24 17
Fetuses with any anomalies 305* 99 t 0
Fetuses with any variants 301* 98 43 20
Litters with any anomalies 24* 100 1 6
Litters with any variants 24* 100 11 65

*Significantly different from the negative conLrol.

Y -.
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'Fable 9

Sumnary of Ossification Data*

Positive Negative
Control Control

Sternebrae 5.05 + 0.98 5.40 + 0.49

Caudal vertebrae 1.85 + 2.13t 3.66 + 1.12
Metacarpals 4.95 + 1.31t 6.b0 + 0.84
Metatarsals 4.82 + 2.83t 8.08 + 0.52

*Mean values calculated on a per litter basis.

tSignificantly different from negative control.

°f.

S

S.

- 55 55 1 5~* ~ ~ 5
IS.~%~ ~~A~s V. -.. ~.* ''* ~~ ~~ %~V



i.

Coppes -- 20

DISCUSSION

Evidence for a teratogenic effect Is considered to be a dose-
related increase in frequency of major malformations in the test groups
compared to the vehicle control group. Major malformations, such as
cleft palate, protruding tongue, exencephaly, brachygnathia,
prognathia, scoliosis, kyphosis, branched or fused ribs, syndactyly,
hindlimb deformity, missing or malformed bones, short, curly or missing
tail, missing anus, were considered anomalies. Minor variations in the
number or degree of ossification of sternebrae, cauidal vertebrae,
metatarsals, metacarpals, skull bones, vertebral centra, dilated rr~nal
pelvis, dilated ventricles of the brain, cerebral hemorrhage, wavy,
short, and lumbar ribs were considered to be variants as they do not
represent a specific malformation but a transient phase in development.
However, if results show that variants occur at significantly higher
frequency in the test groups than in the vehicle control group, this is
evidence of embryotoxicity. Other manifestations of embryotoxicity are
decreased body size and edema. Fetal deaths or resorptions are -
considered manifestations of maternal toxicity, not evidenco of
teratogenicity (12).

Aliverti et al proposed that delayed ossification provided a
reliable index of retarded fetal development in teratogenic sLudies
(13). In this study the number of sternebrae, catidnl vertebrate,
metatarsals, and metacarpals were counted in each fetus to determine if
there were differences in development between the groups.

Results of the ETU dose group fetal examinations were simil:ir t,
those reported by Khera (3) and Teramoto et al( 4 ). Major malformations
occurred in 98% of the fetuses and in all of the litters in the
external examination. Major malformations seen frequently in this
group were exencephaly, hydrocephaly, domed or flattened cranium,
syndactyly, forepaw digits long and separate in appearance or cne digit
long and the others short, talipes equinovarus, and missing anus.
Retarded development was evidenced in some fetuses by decreased
definition of paws and low body weight.

Major malformations in the positive control Boutn's processed
fetuses included exencephaly, hydrocephaly, compressed or cystic brain,
hypoplasia of the olfactory bulb, brachygnathia, protruding tongue, and
cleft palate. Variants seen in high frequency included dilited
lateral, 3rd and 4th ventricles of brain, dilated renal pelvis, qmall
kidney, and undescended testes. The spinal cord of many fetie'3 in
this group was smaller than the vertebral canal creating an enlarged
arachnoid space and dilated foramen magnum.

Major skeletal malformations found In high frequency in the
positive control fetuses included abnormally shaped cranitims, ,-I(ft
palate, branched or fused ribs, missing, short, or misshaped bone, of



t Iv I i nbs. An ahitormal body shape, te rm ed "kyphos i s" ii n I.

observations, was characterized by the head set forwarJ on the neck,
the mandible almost touching the chest, and vertebral 'olumn humpbacked
In the thoracic regien. Curvature of the clavicle wa., chIaractorized by
clavicle curving inward sharply giving a sunken chest appearance.
Skeletal variants observed were delayed ossification of t0 cranium to
include the frontal, parietal, Interparietal and supraoccipital bones;
delayed ossification of the pelvis to include short or onossified pubis
or ischium; vertebral centra split, dtimbbell-snaiwo, or unossified; wavy
ri bs; short 1 3th rib; staperrinmerary lumbar rib; .tnd small or oval
orb it .

a,

One negative control fetus had anomalies of the head characterized
by domed shaped craniun, protruding tongue and short maxilla with long
mandible which represents a 0.477 anomaly rate for fetuses in that
group. Palmer (5) reported an incidence of spontaneous malformations
in the rat of 0.41% major malformations from 51,149 control fetuses.

CONCLUS ION

When given In daily ural dose, of 40 mg/kg/day fron Days 6 throtiph,
15 of pestation, the posit ive control .,hstanco', 'thvIne thioulr;t,
(E'II), produced teraltogenic and embryotoxic t'ff'ct, in Spragtme-Dawle y
rats. The LAIR teraLology tobting pruccdurv lor th, spr.ague-Dawley rat
is a valid model for testing substances for teratogenic potential.

..

'a

0
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UiisL l icII Listing of !laj,)r Study Vv,,nts 

29 Jun 82 Date of protocol request.

iI Jug 62 4
t male rats arrived dt LAIR for I'iase I.

oct 82 63 females arrived at LAIR for Phase I.

12 - 15 (ct 82 Phase I br.eding.

it - ) t t pt' rut- pos it VL' t Chl I i d ( 1!; ],

2 - 4 Nov 62 Cesarean sections on sperm-positivo fvemales.

i Dec 82 52 males arrived at LAIR for Phase I.

.2U Jan 81 1.3 remales arrived at LAIR for Phase Li.

/ - 12 FL.b b j Phase It breeding.

14 - 27 Feb b3 Sperm-positive females diosed.

28 Fcb - 4 Mar .Sj Cesarean sections on sperm-posiLive I coo Is.

S---- ----- ----- ----- ------------- - - -5 0
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57.
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Incidence of Anomalies and Variants
Positive Control

Maternal Number AnomaLies Var;iats
II) x : i n o d N o . . N.

82D0u0687 14 14 100 14 loo
82D00701 I L 100 1 100
82D00707 13 13 100 13 loU
82D00718 3 3 100 3 100
82000720 14 14 I0o 14 100
82D00721 8 8 100 8 100
825W0725 14 14 100 14 100
82DO0736 12 12 WO0 12 10)
82DOO 74 14 14 100 13 93
83D00002* 15 15 100 14 93
63DO0006 15 15 100 15 1.00
83D00007 15 15 100 15 100
8300U008 16 1 , LuO 16 100
83D00017 15 15 100 15 100
83D00027* 15 15 100 14 93
83DO028 17 17 100 15 88
8300003o 10 0 lot) 10 100
83D00045 I 1 100 1 100
83000064 18 18 100 17 94
83D00066 15 15 100 14 93 5

83D00081 18 18 100 18 100
83D00083 13 9 69 13 lO0
83(DO84 15 15 tOO 15 0t)
83DO0103 17 17 100 17 100

*One fetus damaged in proce;sing not

included in skeletal cxaminat ion.
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